number of causes, including a, the variability in secretion of pancreatic fistula dogs, which would require sufficient data for statistical analysis; b, the inadequate number of control animals and control periods; c, inaccurate dietary control; d, insufficient duration of experimental observation; e, inaccurate methods for enzyme analysis; and f, in the case of duodenal drainage fluid, the contaminated condition of the pancreatic juice.
A technique calculated to overcome these difficulties has been devised by us, which depends for its effectiveness on the principle that the concentration ratio of enzymes in pancreatic juice is the same as that existing in the gland which secretes it. The accuracy of this conception was established by appropriate analyses of pancreatic secretion and pancreatic tissue in a series of dogs, and thus the necessity of fistula animals was eliminated. A number of diets of varying compositions was then fed to white rats for a requisite interval, at the conclusion of which the enzyme content of the pancreatic tissue was determined.
EXPERIMENTAL.
The methods for enzyme analysis were those successfully employed in this laboratory for some time. Lipase was determined by the method of Cherry and Crandall (X2), amylase by the Willstatter (13) procedure as adapted by us (14) , and trypsin by a calorimetric method devised after that of Northrop (15) . The results are expressed in the tables below as follows: lipase in cubic centimeters of 0.05 N NaOH required to neutralize the fatty acids liberated from an olive oil emulsion substrate, amylase in milligrams of maltose liberated from a starch substrate, and trypsin in terms of milligrams of tyrosine liberated from a casein substrate.
The enzyme content of pancreatic tissue was determined on weighed amounts of the dried gland. The pancreas was removed immediately after death of the animal, macerated in a mortar, and suspended in cold (15°C.) acetone for 3 hours. The acetone was removed by centrifuging and the tissue resuspended in fresh acetone for 10 minutes at room temperature, collected by centrifuging, washed with dry ether, and finally air-dried, pulverized, and stored in stoppered glass containers. Weighed amounts of the powdered gland were suspended in l/l5 molar phosphate buffer at a pH of 7 for one hour at room temperature in . the proportion of 0.2 or 0.3 cc. per milligram, the mixture filtered, and the enzyme content of an aliquot of the filtrate determined.
In the series of dogs employed for purposes of comparison of enzyme content in pancreatic secretion and in the gland itself, the procedure involved anesthetization of the animal with sodium pentobarbital, cannulation of the main pancreatic duct, and collection of the secretion after stimulation with an adequate amount of secretin. The pancreas was then excised and treated as indicated above.
One hundred sixty-two young white rats (loo-150 grams) served as experimental animals for the study of adjustment of pancreatic enzymes to the type of food administered. The diets had the composition shown in tables 1 and 1A and were fed ad Zibitum for a period of 21 days, at the completion of which the animals were sacrificed by cervical fracture, and the pancreas promptly and completely dissected out, and treated as above for enzyme determinations.
Most of the animals were maintained on isocaloric diets (table l lA), in order to make certain that all essential components were ingested in amounts exceeding the minimum requirement, and thus avoid complications which might arise from any deficiency.
RESULTS.
1. Comparison of enxyrne content of pancreatic juice and of dried pancreas. It was found in the ten animals (anesthetized dogs) tested that in There was a repression of trypsin, and the lipase value was unchanged.
Likewise, there was an increased trypsin content in the rats fed the high protein diet (diets C, D and G). On the high fat regime (diets E and F) there was repression of amylase, while the lipase and trypsin values remained essentially unaltered. All enzymes were repressed on a high fat diet containing 10 per cent protein (diet E); the 24 animals in this series had fatty livers and small atrophic pancreases.
Addition of 1 per cent of choline to the diet resulted in an increase in all the pancreatic enzymes to approximately the same degree, and a normal histological picture of the liver and pancreas.
The detailed data for all animals and the average values are listed in It is apparent on the basis of the data submitted t*hat the type of diet ingested influences the enzyme make-up of the pancreas and its secretion. Thus the 39 rats on a high carbohydrate diet developed very high amylase values, with a repression of trypsin and essentially unchanged lipase. The series on a high protein intake had a high trypsin content of the pancreas; the lipase values were also highest on this regime, while the amylase was repressed. In the case of the high fat diet there was a repression of amylase, with essentially unaltered values of trypsin and lipase. The significance of the changes in composition was demonstrated by statistical analysis ( trypsin on a high protein regime, and depressed amylase on a high fat intake. No marked alterations in lipase occurred on any of the diets, save for a definite increase when 3 of the diet was supplied by protein.
These experiments, therefore, bear out in part the long-standing hypothesis that the composition of the pancreatic juice is governed by the type of foodstuffs ingested.
The mechanism whereby this takes place is at present obscure, and its explanation must await an elucidation of the process of formation of the pancreatic enzymes. Whether this takes place on a metabolic, neurogenic, or other basis is at present unknown.
The situation is somewhat analogous to that of some bacteria, which are known to produce certain enzymes in response to the predominance of a given substrate in the diet (16) .
The animals on the high fat-low protein diet (diet E) manifested a depression of all enzymes in their pancreatic tissue.
These animals remained in good condition throughout the experiment, except for a shaggy and greasy appearance of the coat of hair. On autopsy the pancreas was small and atrophic, with indications of parenchymatous degeneration in the acinar tissue, while the islet tissue was normal in appearance, and the liver was very fatty.
Addition of 1 per cent of choline to this diet (diet E) resulted in a uniform increase in all the enzymes determined (table 3) . On this regime the liver and pancreas showed no histological changes.
As a matter of physiological economy, it might be expected that the enzyme output of a digestive gland should be subject to modification in accordance with the predominating foodstuffs present in the diet, in order that the organism may utilize its available materials with a maximum of efficiency. Such changes in composition as are brought about by any given dietary regime undoubtedly occur in the gland itself, and apparently the external secretion of the pancreas represents an aqueous extract of the organic material in the acinar tissue. This is borne out by the parallelism in enzyme content of the secreted juice and the dried pancreas in the ten dogs studied; and it is on the validity of this assumption that the accuracy of the interpretation of the data reported is based.
SUMMARY AND CONCLUSIONS
1. In rats maintained for three weeks on a constant diet, an adaptation of the composition of chief pancreatic enzymes to the predominant constituent of the diet was noted.
Thus on a high carbohydrate diet there was a pronounced increase in amylase, together with a decrease in trypsin.
A high protein diet resulted in greatly increased trypsin content and a less extensive, but definite, increase in lipase. On a high fat diet there were essentially no alterations in lipase or trypsin.
2. A diet which is high in fat and low in protein causes a repression of all pancreatic enzyme formation.
The addition of 1 per cent choline to such a diet increases uniformly the content of all enzymes.
3. The enzyme content of pancreatic juice parallels that existing in pancreatic tissue.
